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ra.SH 

^ ^Hl, #71 ^^j ^71 71^- Wfl^o. o_ £ ^ ^nj-o] 2] 

7>7l 71^- tqi3^1 flo^, A o V 7] -21 7 > 7 1 7 ]S. JjL*||7>, #7l 

^MH «fltl ^3 Ay] J±^(Hc)3|- a^tfl ^a] 7>>7l ^.7>^(Ho)^ WIS. 
^ ^>^til(Hc/Ho)7> #71 Jf*fl ^±.o\\ #±.r>\±= 
3* ^ ^>7l 71^- A^A. 

[tflSS.] 

£ 4 
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7|-7] 7]-^- ii|ii3.{Perpendicular magnetic recording disks} 

£ l£r 7>7l 71^- c]iasl ^2i^olcf. 

£ 2fe «3*Hd #<3^# ^-g-tb -H-^r 2#^ t\7] 7}^ 

7) 7]^ V]^EL9] #7}^ t£^2) ^7><Hl H?-& ^ ^ #^ 

£ 4£r ^>7l 7] 4ft *M3^ "^1 £sHl J±7 r ^ ^^o. 

5. 5^ ^ 7s}7) 7)4- 7}^£] ^ ^Sj-o^l ^( domain size ) ^ 

#3 ^HKa)^ tti^-i- neflsoicf. 

£ 6£r t^-! 7.>7l 71^- 7>^^ ^*fl l£3H 4^" ^r^l -a.7>^Hl(Hc/Ho) 

^ ^3 ^ 7.>S)-til (Mr/Mo)2l M-Efufl^ zisfl^olcf. 

-£ 7^ ^2] *}7l 71^- ^Sr^l *HE- ^3 7>7l 71^- 
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£ 8^ ^3] 7\7] 71^- *F3^ 1=^ ^s)-o]l l£^tg ^ 7>7l 7)4=- 

v)+EL°) #7}^ ^.Eofl tfl^ 71^- *fl^*l (SNR, Signal to Noise Rat io)3 ^ 

£ 9^r ^ 7.}7] 7]^ *M3^ ^1 ^^-ofl -fj-A). ^ 

7}^ v)^els>] #7)4- ^£ofl cfltb 71-3- (SNR, Signal to Noise Ratio)^ 

51 ll£r H)iil^ 1^2^^ ^>7l 71-1=- c]±asf, ^*H1 2 ^ 4^ ^ 
*>?1 71^. t^fiofl rfls}^ Al7l^- 1£1 £3H1 <4€- 71^- 7fl^a] (SNR, 
Signal to Noise Ratio)* M-Bf-H]^ ZL2fl^o]cf. 

11, 21 : 71^- 

12, 22 : *M Hfl^= 

13, 23 : ^ ^>7l 7)^ 7}^^ 
26 : <3*H3 #<g*J- 

14, 24 : 

15, 25 : 
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<19> -S- ^7} 7 ]3. ^£1, J±4 ^l^>7fl^ *H1 ^» ^-g-tb 

^2: ^ ^> 2§^ ^ 7\7) 7)^ V]^EL°\) ?Ht}. 

<20> t^V ^*l<y HDD (Hard Disk DrivesH 31*1) ^-g-^ 

°1 ^ 71^- ^ (LMR, Longitudinal Magnetic Recording)^: ^il 7]^-e] jug 
3£^-<H| i45r *>7l c]a 3 (magnetic disks) vfl<fl 7)^S\o]^\ ^M. 7]^- 74^7} 

nHlJ^Jl, ZL ^l^o] ^^V7fl ^^O^t}. ZL ^JZ)-, 7l^-5]ol^l 

^-7> ^7>7l oflu)^ (magnetostatic energy)7> HDD^l ^^^r 
^ <l°im*l (thermal energy) iL^f ^l*}^, 7]^Q ^7> -f}-^£}^ ^> 

(super paramagnetic effect)!- ^*}-tr. 2:#*M3 
4^71 ^r^ ( HDD 7]&-& 7l^ Tgq] *}7l 71^- ^-^i^l^ Afl^o. ^^j ^ >7 -| 

71^- wj-^i (PMR, Perpendicular Magnetic Recording) H o>^l°-S *i^£M*lJi °X 

4. °1 PMR 71^- 7} ^2] LMR 7)^ « 0 >^H ti] f^cx} f ^ ^7>7l *1 ^ 

^7} 711 <HH*)* *m±L Sl^H ^7l^ ^£fil Jl^SlsHl 

Jl^JE PMR 7l^ Jl^-i 7fl^ ^ll^sl 7l^ i£;*Hl 21 §H ^UL #^ 

7>^>7ll 51 ^t^-. 

<21> J7^t£ 7>7l ^-Hj-sJ-ofl 4-^*1 ^2) 7>7l 7)^ « 0 >^ 7l -1=- 5} <H 7>^2] -f 

# Hfll a <^°l 7>7l c]i£L ^o)l cfl^fol ^ afl^l-e^ ^ 7} 7} 
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(perpendicular magnetic anisotropy energy)* ^1^-2 9X——sL, 
*}7) 7l* n?L3.¥-B\ ^£|i=, 7 1* 7.}7\}±r 7l* 7>H-ofl *g ^£* *}7] 
3. ^} rfl^ wj-^o.^ ^l7>sl<>|o> ^-4. o)l- 3*fl*|fe #7} 

^ (SPT, Single Pole Type) <M *}7] 7l* *fl:E.-I- a>-§-^o>o> S>*1*>, o] 

SPT ^>7l SflJEMr SflJEL uflollA-1 ^31 7>^ofl cfl^V 7)rf^ ti>7>^l 

(demagnetization field)* f^tr ^r*] 7] 

^ ^17> *}7f|Sl 1HM *7>^*|-tf. o]S. ti*H, ^>7) 7l* 7l^S] HDD 3 

-8-41 3|-§-s)^ #3-. 

<22> 3)^ ^>7l 7}* 7)^2) 7)^9] ^ z} 7 ] 7)40? 7}^«\)*\ 3L 

9X$± (RT, Ring Type) ^ 7>7l 7l* ^ ^ <^7> ^7} 

1- 7}^?fl ^-AS^l, ^ifl 7l* SfliEl* ^-g-tb ^ 7>7l 7l* 7l#^ ^ 

* 7>^<5>7fl *V£t}. 

<23> Olsq- QO) 7)^2] ^ ^-g-tr t2] 7.>7) 7l* 7l#^, l&lfl 

7>7l 7j* c] A 3 f^ofl, 71* *J ^ 7>7] 7l * *H3 ^-g-*V 

<M 7>7l 71* tlA 3f ^^Cf. ZL 7fl^3°J ^S^r £ 1-4 
£4. V]+EL±± ^-E] SL^ ^^1^-711 ^ 71^- (11) $H 71* 

^ ^ni-cq ^ «fl^-a- #7>A]7lfe ^ afl^ (under layer, 12), 7) 

$3. 7V^# 7l^r £ofl tfl^H ^2] -^^H ^2] 7>7l 

°l u oM3 ^m^l-a- t**I 7>7l 7l* (perpendicular magnetic 

recording layer, 13), H^JL °] *M 7>7l 7l* *H§^-§- <q«.^ ^o.^j=l 

28-7 
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El liJl^b (protective layer, 14) ^ (lubricant layer, 15)* 

<24> # 7 ] ^3 ^Svfl^l ^3) ^>7l 71^- 7 r W(13)£r *W^(12H] B\f>}c$ 

-§-°l^ (magnetic easy axis)°l ^-^l cfl^H ^ wj-^o.^. Bfl<gsH ^ 

3] 7>7l ojtij-^ oHui^|# ^l^Tfl 5)^, ZL ^4 tflJEU] ^ 7>7fl ^ofl 

* *l\d ^>7l 71^. 7>^B]-(13)* £ l°fl W>SS|. ^-#3°J T£lfl 

7]* t\*i3. ^S<H) ^-§-*>7fl 5)^, *>7l ^*VA1 y>Sf 

^o] y>7Hl tf^Sj ^rflS^oH ^ ^1 71^- 7>^# iflcq 

(magnetic moments)^ t&tfl ^U^S. ^--g^}^ T^ig- tiV7}7fl IHH^l 

^ 11 W = ^«-2iJWA6 2 

<26> # 7 ] ^HH, 

<27> Ku e ff^ -n-SL ^ 7>7] o] y 0 M3 ofluix] (effective perpendicular magnetic 

an i sot ropy energy) 

<28> Kufe- 7>7] °l y eH^ °llM x l (perpendicular magnetic an i sot ropy 

energy) , 

<29> Nd^ ^>7}^l (demagnetization factor H jl, 

<30> Ms^- 5.5)- *}s\r (saturation magnetization) 0 ! 1 ^, 

<31> 2^-Nd Ms 2 ^ ^r7 r 7^1 ^lM^l (Demagnetization energy) °1 4. 

28-8 
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=l ^ Ay] -B-Jl ^ <*HM*l7> ^-3*} 

^15+ ^ 7>7l 7]^- 7l#5] HDD ^ ^l^-ol 5]J7 &t|.. 

^ 7>7l 71 -If K]^3.<*]*\ ^*Kr -B-Jl ^ 

7>7l cHjui^^ ^= ^-^>7l flSM 7fl^€ 3H, ^ 7>7] 7)^ 7.} 

^nVo] oflui^l- ^Al^ ^ ^ o.A> ^-2:9] 7} 7} 7} S- c| 

^3. (pseudo double layered perpendicular magnetic recording disks) 0 ^. 

^H^^H tflSfH ^1a>S (closed magnetic circuit)^: ^it" S&S.^, S. 2 
ofl jea]^ w>sq- ^©1 tifl^V §>^1^. (22)34 ^ ^>7l 7]^ *Hd^. (23)a>o] 

°1] £*Md ^-ojn| (intermediate soft magnetic layer, 26)-8r ^^ISX 1 ^. 
$ ^-^^-(26)011 S]*V ^ilS <?]s>^ ^ 7>7l 71^- 7H3^(23) i-H^I 

#*>74| #^2} q-^^H ^7} 31 ^*)7} #±.^SLS.»] , -frJL A>7l 

£ 3^ £lfl 7>7l 7]J=- C^=H| ^3 7>7l 71^. nKg- ^.g.^ 

^#^f ^ 7>7l 71^- (single disk, 5. l)2f, ^ 

^3. (pseudo disk, £ 2H1 , ^ 7 ]s. ^ E (kFRPI , Kilo Flux 

Revolutions Per Inch)^ ^7H1 4^- 'tis. #^ (signal level) ^ ^-§- #^ 
(noise leveO^l 4-4^ ZL5flSo]cf. ZL2flS<H] ^ , |^ 
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<36> ^-2,2] ^ 7\7] €\+EL±t <S*H3 ^ 7>7l 7)^- 7> 

*1 -R-JL ^^j ^>7l oflui^l- ^7>A]^ ^7] nfl^-ofl , ##nV ^ 

^>7l 71-1=- X^^3.c]] ^ A]Jr #^^r M-Bfifljl o^Cf. Z^l^, <^7}^ # 

(jitter noise)# ^S>7l ^^1, ^ 7>7l c]^^ofl wlgr>o^ 

^ -frA> ^2] 7>7l 7m t^fi^ 7 )S. ( SNR> Signal 

to Noise Ratio)^ ^IJl #^ ^7><4 -§-X|ofl l^s]^ ^ #7H s] 

*H ^r7> &t}. ZL^JELS., -H-A]- ^ S 

^ ^31 7.}7) 7]^- T^^H Jl^H^-S 71^- zflAjHl 

(SNR)# ^71 fl^O^fe ^ X>7l 7]^- Ap^o] ^ ^ o. t:^ # 

<37>. C^nVo} ^-SjLofltE. ^J-g-#^^- #^1^^ Jitf ^o V ^ 7]^ 7fl ^ 

31 M.4 71^- AflAjHH- ^ fli^ A>7l 7)1=- 7>Aj 

7>H1S1 #£-#33 ^ ^ ^Al7l^^ 7^5) JL olrf. 
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® 2%^ ^2±2\ «M *}7] 7}^ K)+EL«\] Sa<H^, #7}<4 -^A] 

<H) ^^M-fe ^ #33 ^Alsg 71^-^ oj-^sj A]Jr 7fl 

<39> M. « a V^^ Aj. 7 l 7 )#^ ^*>7l 

<40> ^ 7>7l 71^- AHofl, Aj- 7 J ^3 *>7l 7^ ^ ^ 

tiB*^* -fK£*m *>*m°l 7>7l 71^- cl^oil 5a°H. 

<41> +z\ 7>>7l 71^- 7>^^ -8-71 tfl«T ^ A?] 2L*}^ 

(He) 4 ^tfl ^2) ^>7] iL^V^(Ho)^ WIS. ^3 (Hc/Ho)7> ^> 

71 ^^1 #^°\] #4l*Hr ^ f^AS S^r 7>7l 71 

<42> ^ofl ^-a^oflofl St\tfrr&, ^ol] ^3*1 # 

71 ^1^4 ^71 ^3) 7}7l 71^- AVolofl, Aj- 7 1 ^ 7} 7 ]7)^ 7^$^ 

^1 <8^SHr ^d^l 3 -B-A> olf.nl- x>7l 7l 

^ Cl^^^tr «>^-Zl*l-7ll ^-g-^tf. 

<43> ^ofl ^ ^>7l 71^- t]+EL±±, #7] ?f-V\) <3 «MH , ^ ^.7> 

^wl(Hc/Ho)^ €Sj-£ Jit)-, tfltl: ^71 ^ 7}sKMr)s}- ^tfl ^ #ff- 



28-11 



1020000086269 #^ 2001/11/6 

^l-sl-(Mo)^ wis. ^£1tt ^2] *rir ^2}-til(Mr/Mo)2l ^sH^l ^ 3}°. s^jo 

<44> ig^ofl o]*V *}7l 71^- C]A 3 H i ^- 7 ) =7)1 <3<*oflAi ?=-V\} 7^^6\) rcf^ 

^>7l 25. S^sm ^ #^ t>Hl ^( a )7} #^*}±r ?A^r ^■^CL£- 

<45> = 4ti A^ir 

2] a //c 

<46> #7l ^HH, Mr^r *r^- *>3M;il, Hc^r ^MN tfl tb 7>7l iL7f 

<47> ti>^2]?V ^AHjoll ^S>^ ( 7>7l 71^ 7p^ol CoCr 

<48> ^-^cq U}^-^*! ^AHlofl °)7>}i£ ^7} 71^- ^fr B, Pt , 

Ta, V, Nb, Zr, Y ^ MoSLS. ^£ ^fi^i -id^fe ^ <>1^ cl 

<49> -g. ti}^*!; ^AHHl S^}^, ^1 ^ 7>7l 7^ 7>^ ^ =^ 

20 - 50 nm ^ ^ 91^. 
<50> i^-^o] w}^-^^}- ^Hofl 2]^, ^7} ^7>^ ^<^ol NiFe?ll 

3- °}^°]^ ^ 91^. 
<5i> ^-^o] aj-^-^fV ^aH1<h! ^-71 <*UF3 Nb, V, Ta, 

Zr, Hf, Ti, B, Si ^ PS ol^^l m-oflA-l ^q. #^-g- q 
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<52> 



tiV^tb ^*HH ^*>^, ^"71 <£x}*$ ^«a^ 3 - 30 



nm 



<53> 



i£T$$ tif^tb ^HH ^}^, ^7) X}7] 7)^ X^n]- ^6\) g_ 



<54> 



^tr ^>7l 71^ t^£l^ ^ 7>7l 71^- 31 = 3. 71^-SlJl, 7} 7) 



<55> 



<56> cj-f.nl- ^ _o A} 2 #BV ^S<5] ^ 7>7l 7l ^- Cli^ 7 ] 

(SNR)* ^7>A]7l7l ^SflA^ 7.>7l 71^- 7>>§ ^ A}-£ ^ -g- <^ 

2^H £X|# £o] ^ 7 >7l 71^- *HdJ£ tflofl ^^M^l "^H 1 

(reversed magnetic domain)^ ^°fl tilefl*}^ #-g- #^ al^l^-^ ( or H 

til^§>7l nfl^oD ( #-g- #^o^ ^*^o} 7>^( mag netic 
domain)^ ^-g- nHls^ 1^.7} 
<57> [^Sj-Ai 2 ] 



#7] ^HH, Mr #ff- (perpendicular remanent 

magnet izati on) °]5L, Hcfe- ^r%\ iL^r^! (perpendicular coercivi ty) 0 ]^-. 

^sH^Itt 2]^£r ^7>7| <^1M^1 (magneto static 

energy)^- <iM*l(domain wall energy)^ oflu]^ i%fg :&3H ^sfl 
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o^cf. ^, ^\7] oflui^l^ *H§# ^ ^H 1 ^ *ll*r^. * = 

(closed magnetic loops)* ^-^) ^1 ^1 A^S. ^€ 

*££.7\ $Xt±. ZLE^u)-, u}*\] ^ J>HHH iHisH*! *m (domain 

walls)^ ^7>^ 7}>a oflL^l!- f7M?] *M ^>7l 7]^- 7pj# i^o] ^ 

*1» #7>A)^Cf. ^7>7fl 7>« oljui^O] ^ 7>^ ^Tjo] ^7] 

T«H 3311- ^-O] ^ olCf. 



^"71 ^HH, E tot ^ 7>7l 71^- 7>^#^ # oflui^, 

E^b ^ 7>7l 71^- 7>^f^ ^7} Tfl oflui^l (1-7 M S 2 D) , 

Ewan^ ^3 *M 71^- 7}^^ ^ oflu| ^ ( y L/D) , 

Ms^- 3L2]- 7} s)- (saturation magnetization), 

7>^- (domain width), 

r ^ ^lM^l (domain wall energy), 

L-cr ^ 7f7) 7)^- 7^^ ^ ^^Cf. 

1^0.5., 7>7l 71^- lfl<2] oflui*)^ §>7l 3<H1 

M^Ml ^-S: oflui^i)- 7}^ oflM7l^ ^-O] ^±7} ^ <fl 



<61> 



= \.l Ms 2 D + yL/D 



3] 




<70> 
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^T, HL^r -B"A> 2#^" ^2:^ ^>7l 71^- C^H^ 7]-7l 7^ 7> 

^ ^1(D» ^3^-0.^.*) tflofl ^^£]ol^l^ 3 3(D) 

7l#Sl l^tg ^ 7>7l 71^- CjiiiHMfc *H3^Sj #-g- #^ 

-8: #^*>7l ^}<*M ^-#2)o.S. ^71 ^*VA1 2 S M-El-^^^ ^ til 3fl 

#^rU)3 ^i^- ^1^ ^ fljE^. 7>M^ ^^1 3)cfl^l<y <^<* 

3 ^1S ^-g-^^^f. 7l^^l ^3} 7>7l 71^- T-fl^f^S *l"g-£)JL $1 

CoCr^l ^ *M3f^ Tj-o^ £ 4 (Hc^ ^Hl tfl^b ^ 7.>7l iL7}^ , Ho^r 
ajtfl ^31 x>7l liT^Hl M-^l-\+ w><4 £o] ^ ^>^ol 50 nmol«HMfe # 

^MS^l ^ 50 nm ol^ CoCrTll ^ ^ 7>7l 714=- ofl^s ^>-g- 

^IM", SL*}^ ^ (50 nm °1#)^ o. A > 2 # 

7>7l 71^- c]^£i^ ^ 7\7] 7}m, *\^T2\o.3. ^-g-cs)-^ ^-^Ml^r S. 5<Hl 5L 
Al^ ?J-o| ^ ^ tilsjl ^ ( ff ) 7 > #^1 ^£1^1 ^7l nfl^ofl, 

i£L4M ^ ^Al7l 7) nfl^ofl o.^^ 7l s. 7fl^til (SNR)# ^7l 

£ 5^ -B-a> 2#^ ^2 ^3 7>7l 714=- ^1^£I^ CoCrTll 7>}Aj 

uVo} tii^-ofl ^ ^O^o} M-Bftfljl ^31 71-71 ^.7>^ 

^7V Al*}-E]ir 7>^°1- ^*fl ol^oflA^ 7}^ aj^o] 7^ ^ 
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%.°\ ^ x}^7} ^ £ ^ $44. °]*\& ^ 

7l^#^Sl 7}^ o. £ 5o1lAi ^.o. ^ ^ ^ 

(a)2l - oicf. 

< 75 > £ 6-^ -R-a> ^^j AA 7}^ t)^EL$] CoCrTll 7 r 

£SM rfl*V ^>^wl (Hc/Ho) ^ #fr (Mr/Mo)^ 

^Efvfljl olcf.ZLSfliro^, Rc - ^ofl tfl^ ^ 7>7l ^7}^ , Horr ^ tfl 
7>7l iL*}^, Mr£- rfl*V ^3 * r 3r, Mo^ s| cfl ^2] ^ 7> 

<76> CoCrTfl ^f*fl #^ofl rrj-s. t.}-^ (Mr /Mo) 

^ iL*}^ ^S^l (Hc/HoHl ^2\*V u}e}^ji ^cf. 

*M3^ n^l^l *W ^ ^ ^>5r ^sj-til^ -g-^ ^ # 

<77> o]ol] ( CoCrTll ^ *H^o] ^ ^f^H #^<5Hr <3 

^ 2§^ 7>7l 71^- t]i£L<2] ^ ^ o_ x^>f-O.S.^l -f^ 

71^- 7flAjtil (SNR)« ^ ^t}. SE^b, -g- ^^m^r ^ 

<78> ^ ^}6\)«\] -B-Af 2#^V ^ 7 j ^ 

°fl ^^^<^| ^>7l 7}^- afl^* ^1 
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50 - 100 nm^ ^M|3. ^#*V ZL $H <3*K) ^-jr T^^-fr 3 
- 30 nm S] ^^*>J1, ZL ^>7l 71^- 7p^# 20 - 50 nm^l *p 

<79> cjf.nl. ^cj) ^31 ^>7l 71^- cjiH^ #7l 4*<HH ^7>^ * 

f^Hr ^^>zl ^<H*v 4^5. 7^]S€ ^ 

<80> -*7l ^3) ^71 7]S- XH^S] ^3] tifl^-g- -fi-JESHr ;fl|^ Ti 

3) tHi", «1*HS Co 7^1 Pt 711 ^ Hi^r PdTfl ^ ^ «ms I" ^ 

«>^«v>nfe TiTii ^-^m. 

<si> *^ofl 5a°W, ^ 9? T^fe- <aH# 

#<M°1M *#ajo.3. A>-g-3>^ ^JEe}-^ 3H2*5. ^^M*. 

<82> o]sHM1^ ^lit #2:*H ¥r ^^O.S *>7l 

<i*Hl 3-2-3*1 -g- ^31 ^^tb 

<83> <^A]<>fl 1> 

<84> 650 nm -fre] 7^ Ti 50 nm ^)S. 3^tb ZL 

ofl ^3] ^1-71 71^- 7>^nVo] CoCr7) ) ^ X^^g- 35 ^ ^aJ-*}£ O.^ , 

ZL $H iLJl^AS-A^ e^tII^ 10 nm, ZLElZL 2 nm ^)S. 

^S^l ^ 7>7) 7l# ^2:^4. 
<85> <^AH1 2> 
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<86> 7\7] 7^ 7,}^ v\9) 2 0m\S. tt ?A^r 7\}<i]-5}jL±r ^rifl 14 ■§■ 

<87> <^Al^ 3> 

<88> 650 nm -fre] 7]^ Ti SW^* 50 nm ^^*V 4s n Jfl 

<a*Hd *H-8: NiFe ^ *M^* 20 nm ZL ^ofl ^ 

2} ^71 71^- 7>^ni-oi CoCr7]1 ^ ^f* 35nm ^lS. ^^Sft SL*\ , n. 
ofl ll^S^i ^Tim-g; 10 nm, ZLelJl 2 nm *M|3. a^*H -frA> 

2#^| ^4 ^ *}7] 7}^ C]i3f ^lSS>^Cf. 
<89> <^A]<^ 4> 

<90> ^ 7>>7l 71^. 7}^ 20nm^ afl^^Tr ^Hl 14 * 

^tb fj"^ £.3. ^-A> ^2:^1 ^ 71-71 7143- c)^f ^2^4. 

<91> <WlJH^l 1> 

<92> ^3 7>7l 7l4f 7>^<y CoCrTll ^ 4^ 50nm ^v\)S. % * 

^l^KH^ 14 ^-^^ « 0 >^ ^2:4 7>7l7l^- 4^^# ^3: 

<93> <Hljaoj| 2> 

<94> +Z\ 7>7l 7l4f 7H^O] CoCr7l l ^ 7>^*0- 50nm ^ -g- 

afl^jlfe ^AHl 34 H o V ^°-S -n-Af 2^4 ^24 7f7l 714=- cli^f 
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<95> £ 7-8: ^Hl 1,2^ l<a] ^S^l ^ 7> 7 1 7}^ rq^a. 

7} 7V ^nj- = *|]o} ^61] ^^j. ^ 7.}7j\ 7) -&7] (perpend i cul ar 
magnetic field gradient^ ^7>wH feo^jl, ^HP"^ °HlsH ^ 

*M #-§-#3^: «^^>7fl #^*Rr « *r $£4. 

<96> £ 8-8: 1, 2 ylJU^l 1^ c^nj- ^-S^ ^>7l ^i£L<i] 71-3- 

^fl^8«l (SNR, Signal to Noise Ratio)!- ^ *}7] 7}^ ^^EL£) 

V\)7\ Q±ig^ £ 731]. AA$\ S-^-S. -ilJL#§^ ^7}9\- #-g- 

#^2} ^3l47> 7^ 7l^-7flAj S^o] J^sfl*| fe £ o. oj. ^ oiq. 

<97> £ 9 ^ ^Ajofl 3, 4 * Hi Jul ofl 231 -8-A} ^S^l 7\7] 7}^ €\ + 

3-°\) rfl*M ^ ^ ^ #^ £3** M-Bl-^flCf. ^ ^>7l 71^- 7}^^^ *= 

^7> ^1^1 7j±d\] g]^- ^ ^ 7] -§-71 (perpendicular 

magnetic field gradient)^ ^7f-S}- c1#<H ^x}<% ^HJ^HI ^Itr *r7 r 3l #^5. 
S!*H ^lS#^^: feo^ji, 7>^-Sl nl^l^.6)l <^}ol ^^S>7H # 

<98> j£ io^ ^AHl 3 t 4 gj HlHojl 2^1 -R-A> ^2:2} ^ *>7l c^s^ 

71^. zfl^B] (SNR, Signal to Noise Ratio)!- M-^tf. 7>7} 7l^- c)iH 

3 7> £ 9^1- #^*H zj-zj-s] Al^^o) 

#^#33 ^SU^} 717} 71-Hj-Tfl^ S.^ol -f^fl^l^ ^ ^Cf. 

<99> £ 11-8- t^I (50 nm)2l CoCrTjl ^ *Hd*r* c}^ ^ *-a} 2#ev 

^7i 7iJ* *j-§-^ 3-9-*r ^^°fl *1*H *fl*r£M2l *1 
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M] CoCr^l ^ *H3 ^ (20 nm)# % 4M> 2%^ 

3.^ +z\ *} 7 ] 71^- ^£ofl ^2|-ofl cfl^ 71^- (SNR, 

Signal to Noise Ratio)* M-e^ZL ^ 7}^ (P 2 o 

7$*$*} (SNR)« M-B^-ifljl $icf. 

-S- ^3 ^>7l 7l^#s] ^7>t41 ^m^l ^ 7>7ll ^lM^l^ 

*H1 7>^» ol x}^- 71^* S^b, 
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11 

7)^ ^ 7)^T *H§^ W ^ 7}7) 7}^ 

»fl^* ^Sl^Rr T^l 7j4=- c]A ao ,l olo^, 

4 > 7l -31 ^>7l 7}^ *H^o] J^^, A o V 7 ) -*| H tfl^ ^>7l iL*>^ 

(Hc)^ ^3 ^>7l J±7}^(Ho)£l «1S ^S}^ ^3] J±*j-^Hl(Hc/Ho)7> # 

7l ^1 ^ofl o}-^ <^^o]]Ai 7jf 0 S ^ 7>7l 7} 

2] 

*lU*<M1 5^*1, ^"71 A o V 7 ] 7 ]^ AVolofl, # 7 ) 

^ 7f7l 71^-^ ^] Sjl^JL* ^*Hr <3*H3 ^-^^ol ^-g- Ji-^l 
*>fe 7f7l 71-1=- C]i3. 
3] 

Hl^r 9X°)*], ^7} Zf-V\] <3<*MH, ^7) ^ M_7,mu) 

(Hc/Ho)^ ^sHI: Jit}, ¥*IH tfli£ ^7l Tj-sKMr)-^ s|cfl 7>5}- 

(Mo)^ wis. ^5)^ #-?f- 7]-^wl(Mr/Mo)^ ^s]-#ol ^ ^ s^jo S ^ 
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4] 

*W 2$. a*]^ #^ al^l ^(a)7\ ^^o S ^ ^ 

71 71^- t^^a. 
[ 2] 

01 = IT 

^■7} Mr^r ^2) T^ol^; Hc^r ^ x} 7 ] IX} 

[3^8" 5] 

*fll*J- Xfe ^12%H1 &W>H. ^-71 ^ 7.>7l 71^- 7>^^-o. CoCr ^| ^o] 
^AsL 7>7l 71-1=- r\±.3.. 

6] 

^15^1 91°]*], ^7] ^ 7>7l 71^- 7M^ol Bj p t; Ta> V> Nbj Zr> y 

^ Moils ^€ nl-^Mi ^d^sl^r sl-14 <>1^1 ^ o. ^ i^Kr ^-g- s^i 

AS 71-71 71-^- Cjrta.. 

[3^8" 7] 

*fl6*J-°ll SU^H, ^-71 ^2} 7>7l 71^- 7>^^-^ 20 _ 50 j^o] ^o. 

7>7l 71^- C^3L. 
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8] 

*f|2^<*fl &oH, ^7} <£A A 3 #^^1 NiFe^l ^JLS o] =.o]^l ^ 
^SLsL Ay] 71-ij- v)^el. 
9] 

^-71 o§*H^ Nb, V, Ta, Zr, Hf, Ti , B, Si ^ P 

3. o]^o]£ ^VM- v] S.?g-5}^ ?A4c ^'AS 

AA 71^- ciia, 

10] 

^ Ay] 71^- c)i3. 
I^T 1 * 11] 

*l|r# stfe- ^2%Hl ^7i Ay) y}^ A A ^ ^ 
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